An epigrammatic (abridged) recounting of the myriad tales of astonishing deeds and dire consequences pertaining to nitric oxide and reactive oxygen species in mitochondria with an ancillary missive concerning the origins of apoptosis.
Mitochondria play a central role in the life and death of cells. These organelles serve as the major energy-producing power-house, whereby the generation of ATP is associated with the utilization of molecular oxygen. A significant fraction (2-3%) of molecular oxygen consumed by mitochondria may be reduced in a one-electron fashion to yield a series of reactive oxygen species (ROS) such as superoxide anion radical, hydrogen peroxide, and hydroxyl radical. ROS are capable of damaging components of the electron transport apparatus and can, in turn, disrupt mitochondrial functioning, limiting cellular ATP levels and ultimately resulting in cell death. ROS-induced disruption of electron transport can perpetuate production of deleterious ROS and propagate mitochondrial damage. Consequently, mitochondria are highly enriched with water-soluble and lipid-soluble antioxidants (glutathione, ascorbate, Vitamin E, and coenzyme Q) and antioxidant enzymes, such as superoxide dismutase, glutathione peroxidase, catalase, thioredoxins, and peroxiredoxin. Another important antioxidant acting as a very effective scavenger of reactive lipid (peroxyl, alkoxyl) radicals is nitric oxide (NO) generated by mitochondrial nitric oxide synthase. However, NO can also be very disruptive to mitochondria function, a process facilitated by its high reactivity with superoxide. This interaction results in the formation of peroxynitrite, an oxidant capable of causing oxidative/nitrosative stress, further aggravating mitochondrial dysfunction, causing ATP depletion and damage to cells. Thus, in the most general sense, the effects of NO in mitochondria may be either protective or deleterious depending on specific conditions of local redox environment (redox potential, ratio of oxidized to reduced glutathione, transition metals, and the presence of other oxygen- and nitrogen-centered radicals).